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REFRESH COUNTER CIRCUIT AND
CONTROL METHOD FOR REFRESH
OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a refresh counter circuit
used for refresh operation 1in a semiconductor memory such
as a DRAM (dynamic random access memory), and a
control method for the refresh operation, and, more particu-
larly, relates to a technical field for, for example, a refresh
counter circuit by which the refresh operation 1s controlled
in a longer period than that of normal operation 1n order to
realize further less power consumption, wherein the refresh
counter circuit 1s used for refresh operation 1n a memory
array 1ncluding a normal area and a parity area.

2. Related Art

Conventionally, refresh operation has been required to be
controlled 1n a longer period than that of normal operation
in order to realize further less power consumption 1n a data
holding state of a DRAM. Thereby, there has been proposed
a configuration in which an error correction function using
parity bits are installed in the DRAM to correct bit errors
which are increased as the period of the refresh operation 1s
made longer. In the DRAM with the above-described con-
figuration, 1t 1s required to provide a normal area which
stores data bits input to a memory device, and a parity area
which stores the above-described parity bits, and a refresh
counter which can be applied to the both normal and parity
areas during refresh operation 1s demanded to be prepared.
For example, a configuration disclosed 1n Japanese Patent
Laid-Open Application No. 2004-118938 can be given as

one example.

In the configuration disclosed in Laid-Open Application
No. 2004-118938, a refresh counter corresponding to a
13-bit address space for row addresses 1n the memory device
1s included, and a switch 1s controlled 1n such a way that all
the 13 bits are connected during reifresh operation in the
normal area, and, on the other hand, eight bits among 13 bits
are connected during refresh operation in the parity area.
Thereby, a circuit can be used 1n common for a circuit for the

il

normal area and that for the parity area to control the refresh

il

operation without enlarging the circuit scale of the refresh
counter.

Moreover, the configuration and the size of the address
space for the normal area are different from those for the
parity area 1n the configuration of Japanese Laid-Open
Application No. 2004-118938, wherein the refresh counter
performs count-up operation in the normal area and the
parity area. In this case, a preferable configuration 1s that an
area discriminating circuit, which generates a signal dis-
criminating the normal area from the parity area, 1s added to,
for example, a final stage of the refresh counter, and an area
in which the count operation 1s performed can be decided.

In the above-described conventional configuration, a
counter portion for five bits among counter used in the
normal area becomes an indefinite area 1n the parity area.
Accordingly, when the operation mode requiring refresh
operation 1n the parity area 1s temporarily stopped while the
operation mode 1s executed (an operation such as Exit
operation and Entry operation from the later-described burst
refresh process, or a power-ofl state), 1t 1s required to avoid
the subsequent restarting of refresh operation in the parity
area as the indefinite area remains unclear. As one measure
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2

for the above requirement, 1t 1s considered that stopping of
the operation mode 1s disabled while the refresh operation 1s
executed 1n the parity area.

However, the above-described operation mode 1s consid-
ered to include long-time processing with comparatively
large loading, such as encode process before the refresh
operation 1n a longer period. Moreover, the operation mode
1s also required to have a lower internal-clock speed 1n order
to realize less power consumption. In this case, as delay in
the subsequent operation 1s caused by an operation 1n which
stopping ol the operation mode 1s disabled during refresh
operation in the parity area, 1t 1s preferable from the view-
point of rapid control to have a specification 1n which
stopping of the operation mode 1s enabled at any time. When
the above-described stopping of the operation mode 1s
caused, a problem 1s that one measure 1s required to avoid
a situation in which a refresh counter is set 1n an 1ndefinite
area of the parity area at the subsequent restarting of the
operation mode.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention 1s to realize a configu-
ration of a refresh counter circuit which generates row
addresses 1n both a normal area and a parity area, wherein,
according to the configuration, a situation that a refresh
counter 1s set 1n an indefinite area 1s avoided when refresh
operation 1n a parity area 1s temporarily stopped, and,
thereatter, the refresh operation 1s restarted, and a malfunc-
tion which may be generated during the refresh operation
can be adequately prevented in a small-scale circuit con-
figuration without restricting operations.

A refresh counter circuit according to an aspect of the
present invention which generating a row address of a
memory device during refresh operation for said memory
device which has a normal area for storing data bits, and a
parity area for storing parity bits used for detection and
correction of error bits among said data bits, comprising;
n-stage counter which generates said row address corre-
sponding to an address space of said normal area represented
by n bits and to an address space of said parity area
represented by m (im<n) bits mncluded 1n said n bits; an area
discriminating circuit which 1s connected to said n-stage
counter and generates an area discriminating signal for
discriminating between count operation 1n said normal area
and that 1n said parity area; a first switching circuit which
controls switching between a first connected state 1n which
all stages of said n-stage counter are connected, and a second
connected state 1n which a counter portion corresponding to
(n—m) bits which, among said n bits, are not included in said
m bits, 1s disconnected from a path of said n-stage counter
to form a m-stage counter; and an automatic reset circuit
which generates a reset signal for resetting a state of said
discriminating signal so that said count operation in said
normal area i1s discriminated by said discriminating signal,
and supplies said reset signal to said area discriminating
circuit, when stopping of said reifresh operation 1s mstructed
under a situation that said first switching circuit controls
switching to said second connected state.

According to the aspect of the present invention, n-stage
counter 1n a refresh counter circuit can be used 1n common
for refresh operation both 1n a normal area and 1n a parity
area, and an area discriminating signal can decide which
area 1s to be counted up. Moreover, both an n-bit row address
in the normal area and an m (m<n)-bit row address in the
parity area can be generated through switching control of a
connected state with the first switching circuit. An indefinite
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area exists because an address space 1s smaller 1n the parity
area than that of the normal area. Furthermore, the area
discriminating signal generates a reset signal 1n such a way
that the normal area 1s specified for count operation when a
situation that refresh operation 1s required to be stopped 1s
caused during count operation for the row address in the
parity area. Thereby, 1t can be avoided that the refresh
operation 1s restarted thereafter 1n a state in which the row
address 1s 1n the indefinite area, there can be prevented
betorchand a malfunction that there remains 1n a address
space a portion which has not been refreshed, and stopping
of the refresh operation during count operation for the row
address 1n the parity area i1s not required to be disabled.
Accordingly, a small-scale refresh counter circuit with high
degree of flexibility 1n control can be realized.

In the refresh counter circuit according to an aspect of the
present 1nvention, said first switching circuit controls
switching to said first connected state when said count
operation 1n said normal area 1s discriminated by said area
discriminating signal, and said first switching circuit con-
trols switching to said second connected state when said
count operation 1n said parity area 1s discriminated by said
area discriminating signal.

In the refresh counter circuit according to an aspect of the
present invention, a first operation mode mm which said
refresh operation 1s executed using only said row address in
said normal area, or a second operation mode 1n which said
refresh operation 1s executed using said row address both 1n
said normal area and in said parity area, can be selectively
istructed to said memory device, and said automatic reset
circuit generates said reset signal when said operation mode
1s shifted from said second operation mode to said first
operation mode.

In the refresh counter circuit according to an aspect of the
present invention, further comprising a second switching,
circuit which disconnects said n-stage counter from said area
discriminating circuit when said first operation mode 1s
instructed, and connects said area discriminating circuit to
final stage of said n-stage counter to form (n+l) stage
counter when said second operation mode 1s 1nstructed.

In the refresh counter circuit according to an aspect of the
present invention, said first switching circuit includes a first
path switch connected between the output side of the k-th
(k<m) stage and the input side of the (k+1)-th stage among
said n-stage counter, a second path switch connected
between the output side of the (k+n-m)-th stage and the
input side of the (k+n-m+1)-th stage among said n-stage
counter, and a third path switch connected between the
output side of the k-th stage and the mput side of the
(k+n-m+1)-th stage among said n-stage counter, wherein 1n
said first connected state, said first path switch and said
second path switch are controlled to be turned on, and the
third path switch 1s controlled to be turned off, and in said
second connected state, said first path switch and said
second path switch are controlled to be turned off, and said
third path switch 1s controlled to be turned on.

In the refresh counter circuit according to an aspect of the
present mvention, said second switching circuit includes a
fourth path switch connected between the output side of the
n-th stage of said n-stage counter and the input side of said
area discriminating circuit, said fourth path switch 1s con-
trolled to be turned off when said first operation mode 1s
instructed, and said fourth path switch 1s controlled to be
turned on when said second operation mode 1s 1nstructed.
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4

In the refresh counter circuit according to an aspect of the
present imvention, each of said path switches comprises a

complementary-type transier gate including PMOS and
NMOS.

In the refresh counter circuit according to an aspect of the
present invention, said automatic reset circuit supplies an
external reset signal input from the outside, 1n addition to
said reset signal, to said area discriminating circuit.

A control method for refresh operation according to an
aspect of the present invention by which a row address 1s
generated for a memory device having a normal area storing
data bits, and a parity area storing parity bits used for
detection and correction of error bits among said data baits,
including; generating said row address corresponding to an
address space of said normal area represented by n bits and
to an address space of said parity area represented by m
(m<n) bits included 1n said n bits; generating an area
discriminating bit for discriminating between count opera-
tion in said normal area and that imn said parity area;
controlling switching between a first state in which said row

address of said n bits 1s used, and a second state 1n which
said m-bit row-address 1s used wherein a row-address por-
tion corresponding to (n—m) bits which, among said n bits,
are not included 1n said m baits, 1s separated from the whole
row address; resetting said area discriminating bit so that
said count operation 1n said normal area 1s discriminated by
said area discriminating bit when stopping of said refresh
operation 1s 1nstructed under a situation that said second
state 1s controlled to be switched.

In the control method for refresh operation according to
an aspect of the present invention, said first state 1s con-
trolled to be switched when said count operation 1n said
normal area 1s discriminated based on said area discrimi-
nating bit, and said second state 1s controlled to be switched
when said count operation in said parity area 1s discrimi-
nated based on said area discriminating bait.

In the control method for refresh operation according to
an aspect of the present invention a first operation mode 1n
which said refresh operation 1s executed using only said row
address 1n said normal area, or a second operation mode 1n
which said refresh operation 1s executed using said row
address both in said normal area and 1n said parity area, can
be selectively instructed to said memory device, and said
resetting 1s performed when said operation mode 1s shifted
from said second operation mode to said first operation
mode.

As described above, the present invention has a configu-
ration 1n which, when switching control of a connected state
of the refresh counter which generates row addresses 1n both
the normal area and the parity area 1s performed according
to address spaces in the normal area or in the parity area, and
when refresh operation 1s temporarily stopped at the timing,
when a row address 1n the parity address 1s counted up, a
reset signal 1s generated so that the area discriminating
signal discriminates the normal area. Thereby, there can be
avoided a situation that the reifresh counter 1s set 1 an
indefinite area when refresh operation 1s restarted after the
reset signal 1s generated. Accordingly, there can be provided
a relresh counter circuit and the like according to which a
malfunction, for example, a situation that there 1s generated
a portion 1n which refresh operation has not been executed,
can be prevented, and refresh operation suitable for less
power consumption can be performed 1n a simple circuit
configuration thorough control with high degree of tlexibil-
ity and without restricting the operations.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a whole configuration
of a DRAM according to an embodiment of the present
invention;

FIG. 2 1s a view explaining an address space defined by
a row address X0 to X13:

FIG. 3 1s a view showing a relation between the address
space of the row addresses and the mat configuration for the
memory array,

FI1G. 4 1s a state transition diagram showing a plurality of
operation states and the functions therefore 1n the DRAM;

FIG. 5§ 1s a timing flow diagram corresponding to the state
transition diagram shown in FIG. 4;

FIG. 6 1s a view showing an operation flow for encode
process 1n the timing flow diagram shown in FIG. 5;

FIG. 7 1s a view explaiming a basic configuration of the
refresh counter;

FIG. 8 1s a view showing conditions on which switching
of the path switches shown 1n FIG. 7 1s controlled;

FIG. 9 1s a view showing one example of the refresh
counter 1n a connected state different from the basic con-
figuration shown in FIG. 7;

FIG. 10 1s a view showing one example of a concrete
configuration of the refresh counter shown 1n FIG. 7;

FIG. 11 1s a view showing a configuration of the auto-
matic reset circuit; and

FIG. 12 1s a waveform diagram for functions of the
automatic reset circuit shown 1n FIG. 11.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

A preferable embodiment of the present invention will be
explained with reference to drawings. In the embodiment,
the invention 1s applied to a DRAM with a configuration in
which, 1n order to realize less power consumption, a circuit
with an error correction function 1s installed to control
refresh operation with a long period.

FIG. 1 1s a block diagram showing an entire configuration
of the DRAM according to the embodiment. Hereinafter, a
DRAM with a storage capacity of 256 Mbits will be
explained as one example. The DRAM shown 1n FIG. 1 1s
provided with four memory arrays 10 corresponding to four
banks 0 to 3, and a row decoder 11, a word driver 12, a sense
amplifier 13, an I/O gate 14, a column decoder 15, and a
codec 16 are provided around each memory array 10. The
DRAM shown in FIG. 1 1s further provided with a control
circuit 20, an I/O bufler 21, an address register 22, and an
address selector 24.

In the above-described configuration, each memory array
10 has an arrangement in the form of a matrix 1n a row
direction and a column direction, and has a normal area
which stores normal data bits and a parity area which stores
parity data bits which are used for error detection and
correction of error bits, among data bits, generated while
refresh operation with a longer period 1s executed. The four
memory arrays 10 corresponding to the four banks 0 to 3
have the same configuration respectively. The row decoder
11, the word driver 12, the sense amplifier 13, the /O gate
14, the column decoder 15, and the codec 16 which are
provided around the memory arrays 10 have the same
configurations for the four banks 0 to 3.

Desired row and column addresses to be accessed are
designated for each memory array 10, based on control
commands instructing operations to perform. The row
decoder 11 selects one word line (not shown) designated by
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a later-described row address. The word driver 12 drives the
word line selected by the row decoder 11 to a selection level.

On the other hand, the sense amplifier 13 amplifies a
voltage difference generated on complementary data lines
(bit lines) in response to read data from memory cells
connected to the word line driven to the selection level, and
outputs the amplified voltage difference to the I/O gate 14.
The column decoder 15 selects a column corresponding to
the column address designated as described above, and data
of the selected column 1s transmitted from the I/0 gate 14 to
the I/O bufler 21. When the memory array 10 1s accessed, the
I/O bufler 21 functions as a bufler which nputs or outputs
16-bit data D<0:15> between an external circuit and the /O
gate 14.

The codec 16 1s an operation means which generates

parity bits, and corrects error bits, and includes, for example,
a multistage shift register which can calculate a generator
polynomial based on a cyclic Hamming code. During the
later-described encode process, the codec 16 generates par-
ity bits to be stored in the parity area, based on data bits.
Moreover, during the later-described decode process, the
codec 16 detects and corrects error bits, based on data bits
and parity bits.
The control circuit 20 controls various kinds of operations
in the DRAM according to the embodiment, and also
controls internal timing in each component shown in FIG. 1.
The control circuit 20 mcludes a command decoder 201
which discriminates control commands for the DRAM, a
refresh controller 202 which controls refresh operation 1n the
DRAM, and an ECC (Error Correcting Code) controller 203
which controls an error correction function for the memory
array 10 1n the above-described codec 16.

Control signals supplied from the outside to the control
circuit 20 1ncludes a row address strobe signal (/RAS), a
column address strobe signal (/CAS), a write enable signal
(/WE), a clock enable signal CKE, and a clock signal CLK
(Note that a symbol */” indicates that a signal becomes
active at a low level). Also, a 13-bit address signal A<0:12>
1s input to the address register 22. The control commands
input from the outside are defined by a combined pattern of
the above-described control signals, and the command
decoder 201 discriminates the kind of a control command,
based on the combined pattern.

The refresh controller 202 controls refresh operation 1n a
data holding state of the DRAM, and starts the refresh
counter 23 at a starting time. The refresh counter 23 gener-
ates row addresses for refresh operation, counts up the a row
address one by one, and outputs the counted value to the
address selector 24. A row address output from the address
register 22 and a row address output from the refresh counter
23 are mput to the address selector 24, and one of the both
addresses 1s selectively supplied to the row decoder 11,
depending on a state in which the DRAM 1s operated.

In the embodiment, the refresh counter 23 1s required to
perform count-up operation not only 1n the normal area, but
also 1n the parity area, because errors are detected and
corrected when the refresh operation using a longer period
than that of normal operation 1s executed, as described later.
A concrete configuration and operations of the refresh
counter 23 will be described later.

Next, an address space corresponding to row addresses of
the memory array 10 will be explained. In the embodiment,
a 13-bit row address X0 to X12 1s used 1n order to access an
arbitrary row 1n the 256-Mbits memory array 10. Moreover,
an area discriminating bit X13, by which one of the above-
described normal area or the parity area i1s designated, 1s
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added to the row address. Accordingly, a 14-bit row address
X0 to X13 1s used during refresh operation.

FIG. 2 1s a view explaining an address space defined by
the 14-bit row address X0 to X13. The normal area 1s
designated in the case of X13=0, and the parity area 1is
designated 1n the case of X13=1, based on the area discrimi-
nating bit X13 of the most significant bit of the row address.
When the normal area 1s designated, the address space 1s
represented, based on all the bits of 13-bit row addresses X0
to X12. Accordingly, the normal area has an address space
with 8192 rows (X) corresponding to 2 to the 13th power
different addresses.

On the other hand, when the parity area 1s designated, the

address space 1s represented, based on a total of 8 bits
including 4 bits of X9 to X12 of the row address, and 4 bits

of X0 to X3 of the row address. That 1s, 5 bits of X4 to X8
of the row address are not used for the parity area. Thereby,
the size of the parity area 1s one thirty-second of the size of
the normal area because the parity area has an address space
of 256 rows (X) corresponding to 2 to the 8th power
addresses.

Here, a relation between a memory space of row address
X0 to X13 and a mat configuration for the memory array 10
will be explained with reference to FIG. 3. In the DRAM in
the embodiment, each memory array 10 1s divided to com-
prise 16 mats 100. FIG. 3 shows relations between normal
areas and parity areas, wherein the both areas corresponds to
cach mat in the memory array 10 comprising 16 mats 0 to
15. When the DRAM 1s accessed, a read or a write operation
1s executed for one mat among 16 mats 0 to 15, wherein the
one mat 1s selected with bits of X9 to X12.

First, a correspondence 1s made so that one of 16 mats 0
to 15 1s designated by four bits of X9 to X12 among bits of
X0 to X13 of row address. Moreover, when the area dis-
criminating bit X13 1s 0, a correspondence 1s made 1n such
a way that one of 512 word lines 1n the normal area of one
mat 1s designated by nine bits of X0 to X8. On the other
hand, when the area discriminating bit X13 1s 1, a corre-
spondence 1s made 1n such a way that one of 16 word lines
in the parity area of one mat 1s designated by four bits of X0

to X3.

According to the above-described correspondences, as
shown 1 FIG. 3, the whole address space corresponding to
one mat 1s covered in the normal area, but only a portion of
the address space 1s used in the parity area. Thereby, a
portion, which 1s not used in the parity area, of the address
space becomes an indefinite area (discontinuous area).
Accordingly, when the parity area 1s designated by setting
X13 to 1, there 1s required a configuration in which only
eight bits of X0 to X3 and X9 to X12 of the row address are
used, and bits of X4 to X8, except the above bits, are
excluded from count-up operation 1n the parity area with the
later-described refresh counter 23.

Next, FIG. 4 1s a state transition diagram showing a
plurality of operation states and the functions therefore in
the DRAM according to the embodiment. The DRAM of the
embodiment has two modes, that 1s, a normal operation
mode (a first operation mode), which controls operations in
normal state of the DRAM, and a low-power-consumption
mode (a second operation mode) which controls operations
of the DRAM so that power consumption 1s reduced 1n the
data holding state of the DRAM. In the normal operation
mode, general data 1s read out or written to the DRAM. On
the other hand, the low-power-consumption mode realize
less power consumption in the DRAM, because reiresh
operation 1 a longer period 1s performed, as described
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above while errors are detected and corrected by the codecs
16 of each memory array 10 under control of the ECC
controller 203.

As shown 1n FIG. 4, the mode of the DRAM under the
normal operation mode 1s changed to the low-power-con-
sumption mode when the DRAM receives a control com-
mand Entry. On the other hand, the mode of the DRAM
under the low-power-consumption mode 1s changed to the
normal operation mode through decode process when the
DRAM recerves a control command Exit. The low-power-
consumption mode includes three processes and one state,
that 1s, encode process, a power-ofl state, burst refresh
process, and decode process.

In the encode process, encoding operation 1s executed to
generate parity bits i the row direction or in the column
direction, based on the data bits of rows or columns 1n the
memory array 10, and the parity bits are written into the
parity area. In a power-ofl state, all unnecessary power
supplies of the DRAM are stopped after completing the
encode process. In the burst refresh process, the refresh
operation 1s continuously performed for all the data in the
memory array 10. The burst refresh process and the power-
ofl state are repeated alternately for a predetermined period.
In the decode process at completion of the low-power-
consumption mode, decoding operation 1s executed, based
on the parity bits held in the parity area to correct bit errors
generated 1n the row or column direction of the memory
array 10.

Here, FIG. 5 shows a timing flow diagram corresponding,
to the state transition diagram shown in FI1G. 4. As shown in
FIG. §, operations are controlled 1n the normal operation
mode, using clock signals (CLK) supplied from the outside,
while operations are controlled with an internal clock when
the normal operation mode i1s shifted to the low-power-
consumption mode for encode process at the timing of
issuing the Entry command. At this time, the cycle of the
internal clock 1s set longer (lower frequency) in order to
realize turther less power consumption in the encode pro-
cess. A longer cycle of, for example, 200 nsec 1s used as the
cycle of the internal clock.

When the encode process 1s completed, a power-oil state
(Poll), a power-on state (Pon) before refresh operation, and
burst refresh process (Brel) are repeatedly executed. In this
case, an interval between two adjacent burst-refresh process
1s equivalent to a refresh period. In the low-power-consump-
tion mode, for example, about one second 1s set as a long
refresh period. Finally, the timing at which the low-power-
consumption mode 1s shifted to the normal operation mode
1s Ireely set, and, when the Exit command 1s 1ssued, the
low-power-consumption mode 1s shifted to the normal
operation mode through the power-on state after the decode
process 1s completed.

In the low-power-consumption mode, comparatively long
time 1s required for the encode process at the first transition
because the cycle of the internal clock has been set long as
described above. Thereby, even the encode process requires
automatic refresh process. FIG. 6 1s a view showing an
operation flow for the encode process in the timing flow
diagram shown i1n FIG. 5. FIG. 6 shows a state 1n which,
alter the encode process 1s started, control commands are
issued 1n synchronization with the internal clock one by one.
An ACT command by which an arbitrary row address of the
memory array 10 1s activated, a READ command by which
data of a selected row address and a selected column address
1s read out, and a PRE command, by which a bank selected
alter reading out 1s pre-charged, are executed according to
predetermined timing.
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The mterval between a predetermined ACT command and
the subsequent ACT command 1s required to be set at about
20 upsec. Accordingly an AREF command by which the
automatic refresh process 1s controlled is 1ssued before the
subsequent ACT command 1s executed after the predeter-
mined ACT command 1s executed, as shown in FIG. 6.
Thereby, 1t 1s assumed that the refresh counter 23 1s operated
during the encode process, and count-up operation for a row
address 1n the normal area or the parity area 1s performed.

On the other hand, it 1s not preferable to disable the Exit
command shown in FIG. 5, but 1t 1s required to enable the
Exit command even during the encode process in order to
secure rapid shift of operation modes of the DRAM.
Thereby, quick shiit to the normal operation mode 1s realized
when the Exit command 1s 1ssued under automatic refresh
control 1n the encode process. In this case, there 1s also a
possibility that, when the Exit command 1s executed, the
refresh process 1s interrupted during count-up operation
under a state of X13=1. Accordingly, when the refresh
process 1s executed again thereaiter, a situation that the
refresh counter 23 1s set 1n the indefinite area shown 1n FIG.
3 1s required to be avoided. In order to meet the above-
described requirement, 1t 1s effective as described later to
add a function by which an area discriminating bit X13 1s
reset when the Exit command 1s executed during the low-
power-consumption mode.

Subsequently, a configuration and operations of the
refresh counter 23 will be explained with reference to FIG.
7 to 12. FIG. 7 shows a view explaiming the basic configu-
ration of the refresh counter 23. The refresh counter 23
shown 1n FIG. 7 1s configured to be provided with one-bit
counters (X0 to X13) which are connected to one another 1n
14 stages, four path switches 31 to 34, and an automatic reset
circuit 40.

A 14-stage counter composed of above-described one-bit
counters 1n 14-stages included in the refresh counter 23 is
indicated by 14 bits of a row address X0 to X13 in the
drawing, and 14 bits of X0 to X13 are output form the
14-stage counter to generate a 14-bit row address integrally.
A not-shown clock 1s supplied to each one-bit counter
corresponding to each of bits X0 to X13 (heremafter,
referred to as counters X0 to X13), and count-up operation
for the row address X0 to X13 1s executed one by one 1n
synchronmization with the clock.

Here, 13-stage counter of counters X0 to X12, among the
counters X0 to X13, corresponds to n stage counters (n=13)
according to the present invention. Moreover, the counter
X13 at the final stage corresponds to the area discriminating,
circuit according to the imvention, and outputs the area
discriminating bit X13 as an area discriminating signal.

Four path switches 31 to 34 have a function which
controls the conducting state of a predetermined path, and
can control on-off switching according to an applied control
signal. Here, three path switches 31 to 33 among these four
path switches 31 to 34 corresponds to a first switching circuit
according to the invention. Moreover, the path switch 34
corresponds to a second switching circuit according to the
invention.

The path switch 31 1s connected between the four con-
secutive counters X0 to X3 and the five consecutive counters
X4 to X8 as shown i FIG. 7. The path switch 32 1s
connected between the five consecutive counters X4 to X8
and the four consecutive counters X9 to X12. The path
switch 33 1s connected between the output side of the
counter X3 and the mput side of the counter X9. The path
switch 34 1s connected between the four consecutive
counters X9 to X12 and the final-stage counter X13.
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In the embodiment, on-ofl control of the four path
switches 31 to 34 realizes switching control between the
paths 1n the counter structure for the row address X0 to X12
corresponding to the normal area and the row address X0 to
X3 and X9 to X12 corresponding to the parity area. Here,
FIG. 8 1s a view showing conditions on which switching of
the path switches 31 to 34 shown 1 FIG. 7 1s controlled.
The area discriminating bit X13 i1s applied to the three
path switches 31, 32, and 33 as a control signal. Then, the
path switches 31 and 32 are controlled to be turned on 1n the
case of X13=0, and turned ofl 1n the case of X13=1. On the
other hand, the path switch 33 1s controlled to be turned off
in the case of X13=0, and turned on 1n the case of X13=1.
The polarities of the path switches 31 and 32 are controlled
to be the polanty of the switch 33 1n reverse. Moreover,
mode control signal Sm 1s applied to the path switch 34.
Then the path switch 34 1s controlled to be turned off in the
case of Sm=0, and turned on 1n the case of Sm=1. Here, the
mode control signal Sm 1s changed 1n such a way that the
signal Sm 1s O during the normal operation mode, and
becomes 1 during the low-power-consumption mode.

First, when X13=0 1s satisfied to designate the normal
area, four counters X0 to X3 are connected to the subsequent
stages of five counters X4 to X8 through the path switch 31,
and, at the same time, these five counters X4 to X8 are
connected to the subsequent stages of four counters X9 to
X12 through the path switch 32. On the other hand, the path
through the path switch 33 1s disconnected. Based on the
above-described counter structure, 13 counters X0 to X12
are connected integrally to perform count-up operation 1n
the address space with a size of 2-to-the-13th-power
addresses 1n the normal area.

At this time, as assuming that the normal operation mode
1s set, the mode control signal Sm 1s 0 to cause a state 1n
which the above-described counters X0 to X12 are discon-
nected from the counter X13, and the counter X13 is not
changed by count-up operation with the refresh counter 23.
Therefore, the count-up operation 1s performed only for the
normal area, and 1s not performed for the parity area in the
refresh counter 23 during the normal operation mode.

Then, when the normal operation mode 1s shifted to the
low-power-consumption mode according to the Entry com-
mand, Sm=1 1s satisfied, and the counter structure 1n which
counters X0 to X12 and the counter X13 are connected
through the path switch 34 1s configured. Accordingly, when
the counted area reaches the maximum range of the address
space by performing count-up operation 1n the normal area
under such a condition, the counter X13 1s changed from O
to 1, and the normal area 1s shifted to the party area.

Thereby, the on-ofl states of the path switches 31, 32, and
33 to which the area discriminating bit X13 is applied is
switched. The intermediate five counters X4 to X8 are
disconnected from the preceding four counters X0 to X3 and
the subsequent four counters X9 to X12. On the other hand,
the preceding four counters X0 to X3 are connected directly
to the subsequent four counters X9 to X12 through the path
switch 33, and furthermore, are connected to the final-stage
counter X13. According to the above-described structure,
the nine counters X0 to X3 and X9 to X13 are connected to
one another imtegrally, and while the counter X13 holds 1,
count-up operation can be performed 1n the address space
with a size of 2-to-the-8th-power addresses 1n the parity
area.

Here, the state 1n which the path switches 31 to 34 are
controlled as shown 1n the configuration of FIG. 7 corre-
sponds to the state 1n which the normal operation mode 1s
set. That 1s, switching control 1s performed 1n such a way




UsS 7,142,476 B2

11

that the path switches 31 and 32 are on, the path switch 33
1s oil, and the path switch 34 1s off. This state corresponds
to a first connected state of the first switching circuit
according to the mvention.

On the other hand, FIG. 9 shows a configuration of the
refresh counter 23 1n the case that the counter with the same
configuration shown 1 FIG. 7 1s set in the low-power-
consumption mode. Furthermore, the configuration shown
in FIG. 9 1s under a state of X13=1. That 1s, switching
control 1s performed in such a way that path switches 31 and
32 are ofl, the path switch 33 is on, and the path switch 34
1s on, and the connected state 1s that the counter portion of
X4 to X8 1s disconnected from the whole refresh counter 23.
This state corresponds to a second connected state of the first
switching circuit according to the invention.

Next, in FIG. 7, the automatic reset circuit 40 outputs a
reset signal Sr to the counter X13 when the low-power-
consumption mode 1s shifted to the normal operation mode
according to the Exit command. The mode control signal Sm
and the area discriminating bit X13 are applied to the
automatic reset circuit 40, and timing at which a rest signal
Sr 1s generated as one-shot pulse 1s controlled. This reset
signal Sr resets the counter X13 to change the state of X13=1
to the state of X13=0, and thereby the address space 1s
shifted from the parity area to the normal area. In addition,
the configuration and the operations of the automatic reset
circuit 40 will be described later 1n detail.

FIG. 10 shows one example of a concrete configuration of
a refresh counter 23 corresponding to the basic configuration
shown 1n FIG. 7. In the example of FIG. 10, basic operations
are common to those of the configuration of FIG. 7, but the
path switches 31 to 34 in FIG. 7 and the peripheral circuits
thereol are realized by concrete circuit configurations using,
CMOS circuits.

In FIG. 10, the configurations of counters X0 to X13 in
14-stages and the automatic reset circuit 40 are common to
those of the components 1n FIG. 7, and explanation will be
climinated. On the other hand, transfer gates 51 to 54 in FIG.
10 are used as the path switches 31 to 34 shown in FIG. 7.
Here, two transier gates 53a and 535 are used as the path
switch 33, and the arrangement of the transfer gates 53a and
51 are symmetrical to that of the transfer gates 535 and 52.

Each of these five transfer gates 51 to 54 has a comple-
mentary-type configuration in which the drain of a PMOS
(P-channel MOS) 1s connected to that of an NMOS (N-chan-
nel MOS), and the source of the PMOS 1s connected to that
of the NMOS. And, a control signal 1s applied to each gate
of the transier gates 51 to 54 for switching control between
the conducting state and the nonconducting state 1n between
the source and the drain. The internal node X13 1 of the area
discriminating bit X13 or a signal with a reversed polarity 1s
applied to each gate of the four transfer gates 51, 52, 53a,
and 33b. The polarity of the internal node X13_1 and that of
the above-described area discriminating bit X13 are in
reverse of each other. Moreover, the mode control signal Sm
or a signal with a reversed polarity 1s applied to the gate of
the transfer gate 54.

As shown 1n FIG. 10, the mternal node X13_1 1s applied
to the two transier gates 51 and 52 which form a path for the
normal area and the two transfer gates 33a and 3535 which
form a path for the parity area in such a way that the transfer
gates 31 and 52 have polanities 1n reverse of those of the
transier gates 53a and 53b. Accordingly, in the case of
X13_1=1, the transfer gates 31 and 52 are turned on, and the
transier gates 53a and 535 are turned ofl. On the other hand,
in the case of X13_1=0, the transfer gates 31 and 32 are
turned off, and the transfer gates 33aq and 535 are turned on.
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Thereby, a counter structure equivalent to that shown 1n FIG.
7 can be realized 1n response to changes in the level of X13.

Moreover, 1n FIG. 10, a buffer 61 for data holding 1s
provided at the output side of the transier gate 51, a bufler
62 for data holding i1s provided at the output side of the
transier gate 52, and a bufler 63 for data holding 1s provided
at the output side of the transfer gate 534. These builers 61 to
63 comprise three iverters, and 1s provided so that there 1s
avoided a situation that the input side of each of the counters
X4, X9, and X13 1s turned into the floating state at the timing
when each of the transier gates 51, 52, and 53 1s turned ofl.

Next, the configuration and the operations of the auto-
matic reset circuit 40 included in the refresh counter 23 will
be explained. FIG. 11 1s a view showing one concrete
example of a configuration of the automatic reset circuit 40,
and FIG. 12 1s a waveform diagram for functions of the
automatic reset circuit 40 shown in FIG. 11.

The automatic reset circuit 40 shown 1n FIG. 11 comprises
transfer gates 71 to 74, a delay umit 75, a number of
inverters, NAND circuits, NOR circuits, and the like. As
described above, a mode control signal Sm, and an Internal
node X13_1 are mput to the automatic reset circuit 40, and
an external reset signal 1s further mput thereto. In addition
to the automatic resetting function according to the embodi-
ment, the external reset signal, furthermore, 1s supplied
when the counter X13 i1s arbitranly reset at predetermined
timing. Moreover, the above-described reset signal Sr and a
reversed reset signal Srb with a polarity in reverse of the
signal Sr are output from the automatic reset circuit 40.

Here, the example of the wavetform diagram in FIG. 12
shows that the normal operation mode and the low-power-
consumption mode are repeated alternately. First, in the
normal operation mode during timing t0 through t1, the
mode control signal Sm=0 and the internal node X13_i1=1
are obtained, and the parity area 1s invalid. Under these
conditions, a pulse 1 which the external reset signal
becomes O for a predetermined period 1s mput. At this time,
in the configuration shown in FIG. 11, the transfer gates 71
and 72 are turned off, and, at the same time, the transfer
gates 73 and 74 are turned on while the external reset signal
1s 0. Thereby, a reversed pulse of the external reset signal
appears on the reset signal Sr as shown 1n FIG. 12.

Subsequently, when the normal operation mode 1s shifted
to the low-power-consumption mode during timing tl
through t2, the mode control signal Sm=1 is obtained, and
the parity area becomes valid. Thereatter, the internal node
X13_ 1 1s changed between 1 and 0 as count-up operation in
the address space of the parity area 1s performed. Moreover,
It 1s understood that when the pulse 1n which the external
reset signal becomes 0 for the predetermined period 1s input,
a reversed pulse of the input pulse appears on the reset signal
Sr as shown 1n FIG. 12 even 1n the low-power-consumption
mode.

Then, one shot pulse 1s generated when, for a period
during which the internal node X13 1 1s 0, the low-power-
consumption mode 1s shifted to the normal operation mode
during timing t2 through t3, and the mode control signal Sm
1s changed from 1 to 0. As shown 1n FIG. 11, the transfer
gates 71 and 72 are turned on when the internal node X13_1
becomes 0. One shot pulse 1s generated when the mode
control signal becomes O under the above-described situa-
tion, and the generated shot pulse has a pulse width equiva-
lent to delay time of the delay umit 75. Thereby, as shown 1n
FIG. 12, the internal node X13_1 1s reset to 1, following the
one shot pulse on the reset signal Sr. That 1s, as the area
discriminating bit X13 at the outside becomes 0, and the
normal area 1s changed 1nto a state 1n which the normal area
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1s designated, a situation that a malfunction 1s caused in the
following refresh operations can be avoided.
Here, the configuration of the automatic reset circuit 40
shown 1n FIG. 11 1s one example, and various kinds of
circuit configurations can be adopted by combining logic
circuits 1f the configuration can generate a reset signal by
which the area discriminating bit X13 can be reset.
According to the DRAM of the embodiment, which has
been explained above, various kinds of malfunctions can be
prevented when refresh operation 1s executed for the normal
area and the parity area, which are formed in the memory
array 10. That 1s, 1n the low-power-consumption mode, for
example, when refresh operation 1s executed for the parity
area, the area discriminating bit X13 1s reset by the auto-
matic reset circuit 40 when there 1s caused a situation that
the refresh operation 1s stopped. Accordingly, when the area
discriminating bit X13 1s referred thereafter and the normal
area 1s 1ndicated, a situation that the refresh counter 23 1s set
in an indefinite area of the parnty area can be avoided.
Accordingly, Exit operation can be enabled at any time in
encode process for the low-power-consumption mode to
enhance the convenience of the DRAM control. Moreover,
when the power supply 1s turned off during refresh operation
using a longer period, there can be prevented a situation that
the refresh counter 23 1s set 1n the indefinite area of the parity
area when the normal operation mode 1s shifted again to the
low-power-consumption mode after the power supply turns
on again.
Furthermore, the area discriminating bit X13 can be reset
at any time 1n the normal mode because the external reset
signal input from the outside, other than the above-described
automatic reset signal X13, 1s configured to be supplied to
the automatic reset circuit 40. Accordingly, refresh operation
can be controlled under high degree of flexibility in control
and under excellent convenience.
Though the present invention has been concretely
explained, based on the embodiment, the invention 1s not
limited to the above-described embodiment, and various
variations and modifications may be possible without
departing from the scope of the invention. For example, the
address space of the row addresses as shown 1n FIG. 2, and
the positions of the path switches 31 to 34 as shown 1n FIG.
7 can be appropriately changed. In this case, the imnvention
can be applied even to a case in which n-bit row address 1s
used 1n the normal area, m-bit row address 1s used in the
parity area, and the positions of the path switches 31 to 34
shown 1n FIG. 7 are set according to the above configuration.
The invention claimed 1s:
1. A refresh counter circuit generating a row address of a
memory device during reifresh operation for said memory
device which has a normal area for storing data bits, and a
parity area for storing parity bits used for detection and
correction of error bits among said data bits, comprising;
n-stage counter which generates said row address corre-
sponding to an address space of said normal area
represented by n bits and to an address space of said
parity area represented by m (im<n) bits included 1n said
n bits;

an area discriminating circuit which 1s connected to said
n-stage counter and generates an area discriminating
signal for discriminating between count operation in
said normal area and that 1n said parity area;

a first switching circuit which controls switching between

a first connected state in which all stages of said n-stage
counter are connected, and a second connected state 1n
which a counter portion corresponding to (n—m) bits
which, among said n bits, are not included in said m
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bits, 1s disconnected from a path of said n-stage counter
to form a m-stage counter; and

an automatic reset circuit which generates a reset signal
for resetting a state of said discriminating signal so that
said count operation 1n said normal area 1s discrimi-
nated by said discriminating signal, and supplies said
reset signal to said area discriminating circuit, when
stopping of said refresh operation 1s mstructed under a
situation that said first switching circuit controls
switching to said second connected state.

2. A refresh counter circuit according to claim 1, wherein
said first switching circuit controls switching to said first
connected state when said count operation 1n said normal
area 1s discriminated by said area discriminating signal, and

said first switching circuit controls switching to said
second connected state when said count operation in
said parity area 1s discriminated by said area discrimi-
nating signal.

3. A refresh counter circuit according to claim 1 or 2,
wherein a first operation mode 1n which said refresh opera-
tion 1s executed using only said row address 1n said normal
area, or a second operation mode in which said refresh
operation 1s executed using said row address both 1n said
normal area and in said parity area, can be selectively
instructed to said memory device, and

said automatic reset circuit generates said reset signal
when said operation mode 1s shifted from said second
operation mode to said first operation mode.

4. A refresh counter circuit according to claim 3, further
comprising a second switching circuit which disconnects
said n-stage counter from said area discriminating circuit
when said first operation mode 1s 1nstructed, and connects
said area discriminating circuit to final stage of said n-stage
counter to form (n+l) stage counter when said second
operation mode 1s 1nstructed.

5. A refresh counter circuit according to claim 4, wherein
said first switching circuit includes

a first path switch connected between the output side of
the k-th (k<m) stage and the mput side of the (k+1)-th
stage among said n-stage counter,

a second path switch connected between the output side of
the (k+n-m)-th stage and the mput side of the (k+n-
m+1)-th stage among said n-stage counter, and

a third path switch connected between the output side of
the k-th stage and the 1nput side of the (k+n-m+1)-th
stage among said n-stage counter,

wherein 1n said first connected state, said first path switch
and said second path switch are controlled to be turned
on, and the third path switch 1s controlled to be turned
off, and

in said second connected state, said first path switch and
said second path switch are controlled to be turned ofl,
and said third path switch 1s controlled to be turned on.

6. A refresh counter circuit according to claim 5, wherein
said second switchung circuit includes a fourth path switch
connected between the output side of the n-th stage of said
n-stage counter and the input side of said area discriminating
circuit,

said fourth path switch 1s controlled to be turned off when

said first operation mode 1s mstructed, and said fourth
path switch 1s controlled to be turned on when said
second operation mode 1s instructed.

7. A refresh counter circuit according to claim 3 or 6,
wherein each of said path switches comprises a complemen-
tary-type transier gate including PMOS and NMOS.
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8. A refresh counter circuit according to claim 1, wherein
said automatic reset circuit supplies an external reset signal
input from the outside, 1n addition to said reset signal, to said
area discriminating circuit.
9. A control method for refresh operation by which a row
address 1s generated for a memory device having a normal
area storing data bits, and a parity area storing parity bits
used for detection and correction of error bits among said
data bits, including;
generating said row address corresponding to an address
space of said normal area represented by n bits and to
an address space of said parity area represented by m
(m<n) bits 1included 1n said n bits;

generating an area discriminating bit for discriminating
between count operation 1n said normal area and that 1n
said parity area;

controlling switching between a first state in which said

row address of said n bits 1s used, and a second state 1n
which said m-bit row-address 1s used wherein a row-
address portion corresponding to (n—-m) bits which,
among said n bits, are not mcluded 1n said m bits, 1s
separated from the whole row address;

resetting said area discriminating bit so that said count

operation 1n said normal area 1s discriminated by said
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areca discriminating bit when stopping of said retresh

operation 1s 1nstructed under a situation that said sec-
ond state 1s controlled to be switched.

10. A control method for refresh operation according to

claim 9, wherein said first state 1s controlled to be switched
when said count operation in said normal area 1s discrimi-
nated based on said area discriminating bit, and said second
state 1s controlled to be switched when said count operation
in said parity area 1s discriminated based on said area
discriminating bit.

11. A control method for refresh operation according to
claim 9 or 10, wherein a first operation mode 1n which said
refresh operation 1s executed using only said row address in
said normal area, or a second operation mode 1n which said
refresh operation 1s executed using said row address both 1n
said normal area and in said parity area, can be selectively
mstructed to said memory device, and

said resetting 1s performed when said operation mode 1s
shifted from said second operation mode to said first
operation mode.
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